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ABSTRACT. Deposition of amyloid s-peptide (AG) into amyloid plaques is one of the invariant
neuropathological features of Alzheimer’s disease. Proteins that codepositStte Adotentially important

for the pathogenesis, and a recently discovered plaque-associated protein is the collagenous Alzheimer
amyloid plague component (CLAC). In this study, we investigated the molecular interactions between
Ap aggregates and CLAC using surface plasmon resonance spectroscopy and a solid-phase binding
immunoassay. We found that CLAC binds tg Avith high affinity, that the central region of Ais
necessary and sufficient for CLAC interaction, and that the aggregation stafeas Well as the presence

of negatively charged residues is important. We also show that this binding results in a reduced rate of
fibril elongation. Taken together, we suggest that CLAC becomes involved at an intermediate stage in
the pathogenesis by binding tgsAibrils, including fibrils formed from peptides with truncated N- or
C-termini, and thereby slows their growth.

Alzheimer's disease (AD)is the most prevalent cause of larger aggregates, and finally into SPs is unclear. It is possible
dementia in elderly people. One of the defining neuropatho- that the less dense fAdeposits, termed diffuse plaques,
logical features of AD is the occurrence of senile plaques represent an early stage offAleposition. Support for this
(SPs), which are mainly composed of fibrils formed from idea comes from studies in DS patients, where an age-
the 40-42-residue amyloigB-peptide (AG). AS is derived dependent progression from diffuse plaques found in young
from the g-amyloid precursor protein (APP), a type | DS subjects to the mature SPs found in adults is observed
transmembrane proteid)( The final step in 48 production (8—10). In addition to AG, several other proteins such as
is executed by thg-secretase complex, critically dependent glucosamine proteoglycan(, 11), complement factor C1q
on presenilin 1 or 23). The notion that polymerization of  (12), apolipoprotein E (apoEXLB—15), and laminin {6) have
Ap into oligomers and larger species is particularly important been identified in the SPs. Many studies on these proteins
for disease progression is supported by the identification of suggest that they are able to modulaté #ggregation 16,
familial AD mutations in the APP and presenilin genes 17). Itis likely that other, yet uncharacterized, proteins also
(3, 4). Most of these mutations increase the production of affect the aggregation process.
the more fibrillogenic 442 species, which is the initial A
species to be deposited in SB%. (Further evidence for the
importance of 4 is AD-like pathology in Down’s syndrome
(DS) subjects, probably due to the extra copy of chromosome
21 containing the APP gené)( Studies in transgenic mice
and data from toxicity studies in cell culture also support
the notion of the importance of Ain AD (7). The
mechanism whereby/Amonomers assemble into oligomers,

One newly discovered plaque-associated protein, collag-
enous Alzheimer amyloid plague component (CLAC), was
identified in a screen using monoclonal antibodies raised
against crude amyloid preparations isolated from human AD
brain (18). Recently, we showed that the previously reported
plague-associated protein AMYLY, 20) was identical to
CLAC (21). CLAC is expressed in neurons and belongs to
the collagenous transmembrane group of proteins which

N - ~ currently consists of eight membe22f. CLAC is generated
e o N e o e {rough furin leavage ofthe type I ransmembrane profein
Telephone: 146 8 585 836 25. Fax:+46 8 585 836 10. E-mail: ~ CLAC-P (collagen type XXV)18). CLAC is copurified with
hiroyoshi.kakuyama@neurotec.ki.se. amyloid-enriched fractions from human AD braib8( 21)

;g‘gmg;ﬂo Pharmacedticals Co.. Ltd and shows extensive colocalization with SPs in AD and DS

1 Abbreviations: AD, AIzheimer’s"diseése; apoE, apolipoprotein E; _brams’ whereas no CLAC_ 'mmunoreaCt_'V'ty has t_)een shown
APP, amyloid precursor protein;3amyloids-peptide; EDCN-ethyl- in cerebrovascular amyloid §, 21). Despite some immuno-
N'-[3-(dimethylamino)propyl]carbodiimide; HBS-EP, 10 mM HEPES  histochemical observationd & 21, 23) it is still poorly

(pH 7.4), 150 mM NaCl, 3 mM EDTA, and 0.005% Tween 20; NHS, ; i
N-hydroxysuccinimide; PBS, phosphate-buffered saline; RU, resonan(:eunderStOOd how CLAC contributes to the pathogenesis of

unit. SPR, surface plasmon resonance; SPs, senile plaques; ThTAD. A recent in vitro study suggests an inhibitory role of
thioflavin T. CLAC on Ag fibril formation (24), while we show an
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assembly of_ﬁ fibrils into large and more prote_a_se resis_tance Table 1. Binding Affinity of CLAC for Aggregated A Fragments

aggregates in the presence of CLAZS) Thus, itis possible  aAnalyzed by SPR Spectroscdpy

that CLAC has a dual role in AD pathogenesis. ABL—42 ABL—40  AB1-28  AB12—28
Surface plasmon resonance (SPR) spectroscopy is awidelyka(xl(r5 29103 38L15 61109 60:13

used technique for studies of molecular interactions, and hasy -1 s

been used to analyzefA-Af binding 26). Here we use kg 40+£01 27408 52410 111445
SPR spectroscopy and a solid-phase binding immunoassay(x10*s™)
to study interactions between CLAC angbAPreviously, K;‘ (M) 14+04 = 09405 = 09403  2.0+11

0.73+0.59 1.01+1.04 1.79+-1.41 0.81£0.60

we identified an eight-amino acid sequence in CLAC that is . - )
a Aggregated & fragments were immobilized on CM5 sensor chips.

crumal_for AG binding (27)’ and here_ W.e search for CLAC was injected at different concentrations (=35 nM). The
determmants_ in A& that mediate CLAC binding. We show kinetic rate constants were analyzed using simultanous fittitkg arfid
that CLAC binds to aggregated but not to nonaggregatedk, in a Langmuir 1:1 model (A+ B <= AB), and the parameters are
Ap and central fragments thereof fA0—20 and A312— means+ standard deviation.

28), and that this binding is partly dependent on ionic

interactions. In addition, we show by SPR spectroscopy that T p1e 2: Protocol for Measurement ofs/Elongation

CLAC reduces the rate of Afibril elongation. Collectively,

. S . step 1 step 2 step 3
t_he_se data suggest that CL’_A‘C bln_ds 16 #orils, including cycle no. (pretregtment) (AB eIor?gation) (regengration)
fibrils formed from A3 peptides with truncated N- and/or 1 PBS
C-termini, resulting in a decrease in the rate of fibrijf A > 100 NM CLAC
elongation. 3 PBS

4 50 nM CLAC
EXPERIMENTAL PROCEDURES 5 PBS
6 100 nM CLAC 15uM 100 nM
Samples and ReagentEhe recombinant CLAC used in ; E(I)BEM CLAG AB1-40 citrate twice
this study was cloned from a human brain cDNA library 9 PBS
(22), expressed and purified as described previoudH). ( 10 100 nM CLAC
Biotinylated A31—40 and A31—42 were purchased from 11 PBS
rPeptide (Athens, GA). A10—20 was purchased from 12 50 nM CLAC
American Peptide Company Inc. (Sunnyvale, CA), and the
ApB10—20mutants YAVHHQKLVFF (A810—20""), YEVAA- the sensor chip was washed with running buffer for 600 s

QKLVFF (Af10—201319), and YEVHHQKLVAA (A510— (dissociation phase). The assays were performed 4C25
2001929 were from Invitrogen Corp. (Carlsbad, CA). All  and the surface of the flow cells was regenerated by injection
other peptides were purchased from Bachem AG (Bubendorf,of 100 mM citrate buffer (pH 4.0). The response from a
Switzerland). Human laminin, apoE, and bovine serum nonderivatized flow cell was subtracted to compensate for
albumin (BSA) were purchased from Chemicon International nonspecific binding. Different concentrations of laminin
Inc. (Temecula, CA) and Sigma (St. Louis, MO). The anti- (12.5, 25, and 50 nM), apoE (90, 180, and 360 nM), and
myc antibody was from Invitrogen. The sensor chips used BSA (3.1 M) in HBS-EP were injected over an SA chip
were research-grade CM5, CM3, and streptavidin (SA)- coated with aggregatedfa—40 (795 RU) and analyzed as
coated sensor chips (Biacore AB, Uppsala, Sweden). Thedescribed above.

coupling reagentsl-ethylN'-[3-(dimethylamino)propyljcar- SPR Analysis of the CLAC Binding Site ifi.\S-related
bodiimide (EDC),N-hydroxysuccinimide (NHS), and etha-  peptides were aggregated for 10 days at various concentra-
nolamine were purchased from Biacore AB. tions: 100uM for A1—40, 50uM for AB1—42 and A329—

Surface Plasmon Resonance SpectroscBpyface plas- 40, and 20uM for AB1-28 and A312—28. Aggregated
mon resonance (SPR) spectroscopy analysis was performednaterial was collected as described above and resuspended
on a BlAcore 3000 instrument (Biacore AB). Biotinylated in HBS-EP to a concentration of 1M, further diluted to
and nonbiotinylated A peptides were mixed (1:10) with 0.5 uM in 10 mM sodium acetate buffer (pH 4.0), and
ultrapure water to a peptide concentration of 200. This sonicated on ice with a microprobe. CM5 chips were used
solution was stirred for 5 min before addition ofx2  to immobilize the aggregated peptides by standard amine
phosphate-buffered saline (PBS, pH 7.4) to a fing# A coupling chemistry. CLAC binding was studied as described
concentration of 100M and stirred for an additional 2 days. above.

Fibrils were sedimented by centrifugation at 109®6r 10 Data Processing and Kinetic¥he sensorgrams for CLAC
min, and the supernatant was replaced with an equal volume(1.56-25 nM) were fitted globally to a Langmuir 1:1 binding
of HBS-EP [10 mM HEPES (pH 7.4), 150 mM NaCl, 3mM model (A+ B < AB) using BlAevaluation version 4.0.1.
EDTA, and 0.005% Tween 20 (Biacore AB)]. A thioflavin SPR Analysis of AFibril Elongation. A was aggregated

T (ThT)-based assay (see below) was used to confirm thatin PBS for 24 h at a concentration of 10M, diluted to 10

the samples were aggregated. Aggregates were aliquoted andM in PBS, and further diluted to 04M in 10 mM sodium
stored at—70 °C until they were used. SA chips were used acetate buffer (pH 4.0) before being immobilized to a CM3
to capture biotinylated nonaggregated or aggregafet-A chip by standard amine coupling chemistry. In total, 12 cycles
40. The increase in response units, reflecting the amount ofwere performed in a sequential order with CLAC present in
immobilized material, was recorded. One hundred microliters every even-numbered cycle (Table 2). Each cycle was made
of CLAC in running buffer (1.56-25 nM) was injected ata  up of three steps: treatment with CLAC or PBSp A
flow rate of 40uL/min (association phase). After injection, association, and regeneration. In the first step, PBS or CLAC
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(50 or 100 nM) was injected at a flow rate of 5Q/min
for 6 min. In the second step,/A(15uM) was injected at a
flow rate of 30uL/min for 1 min. After one cycle, the sensor
chip was regenerated with 100 mM citrate buffer (two
injections, 1 min each) to remove CLAC from th¢ Aibrils
as the third step.

Calculation of Elongation KineticdData were analyzed
using BlAevaluation version 4.0.1. The elongation rate was

calculated as the difference in response units at the end anc

the beginning of the injection of A The CLAC dissociation
rate was compensated for using formula 15 @élongation
rate = slope of A3 elongation phase- slope of CLAC

dissociation phase. The sensorgrams from odd—numberecg
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IGURE 1: CLAC binds to aggregated/A Binding of CLAC to
ggregated and nonaggregatefl was studied using SPR spec-

cycle.s (without CLAC) were used to calculate the elongation troscopy. Nonaggregated biotin-boungg#-40 (85 RU) or ag-
rate in the absence of CLAC, and the same analysis wasgregated #£1—40 (biotin-bound 41—40:A31—40 ratio of 1:10)

performed for even-numbered cycles (with CLAC). We

(76 RU) was immobilized onto a streptavidin (SA) sensor chip.

compared the elongation rates in the presence and absenc%LAc in HBS-EP was injected at different concentrations (from

of CLAC. A power curve was fitted to the obtained values
from each injection in the absence of CLAC. The formula

.56 to 25 nM) at 25C at a flow rate of 4QL/min, and the binding
curves from control surfaces (no peptide immobilized) were
subtracted. The bars indicate the association phase and the

describing the curve was used to calculate the elongationdissociation phase. The inset shows the ThT response for biotin-
rate in the absence of CLAC, and the even-numbered cycle’sbound A31—40 and for aggregated biotin-boung2-40.

elongation rate was estimated. The ratio of elongation rates

was calculated by dividing the measured elongation rate in
the presence of CLAC by the estimated elongation rate in
the absence of CLAC from the power curve. Significance
was determined by a two-tailed Dunnett's multicomparison
test. Significance was reported at the 95% < 0.05)
confidence level.

Solid-Phase Binding Immunoassdysolid-phase binding
immunoassay described previous®g(was used with minor
modifications. Briefly, peptides were dissolved in dimethyl
sulfoxide (DMSO, 99.9%, Sigma) and diluted in PBS to 20
or 2.0uM. Fifty microliters of A3 peptide solution (1.0 or
0.1 nmol/well) was allowed to dry and bind overnight at 37
°C in microtiter wells (MaxiSorp, Nunc A/S, Roskilde,
Denmark). Blocking was performed with 3Q0. of PBS
containing 0.4% blocking reagent (Roche Diagnostics GmbH,
Mannheim, Germany) fdl h followed by washing with PBS
containing 0.05% Tween 20 (PBS-T) in a microplate washer
(ASYS Hitech, Atlantis, GmbH, Eugendolf, Austria). Con-
ditioned medium from cells stably expressing CLAC was
diluted in PBS containing NP40 (IGEPAL CA-630, Sigma)
(final concentration of 0.005%), and Q. was applied to
the wells coated with different A peptides and incubated
for 1 h atroom temperature. The wells were washed with
PBS-T and incubated with anti-myc antibody (1:5000 in
blocking buffer) for 1 h. The procedure was repeated for

RESULTS

CLAC Binds to AggregatedfACLAC was recently found
to bind to aggregated /A(18). Here, we use SPR spectros-
copy to study this interaction in more detail. The advantage
of this technique is that the binding is studied in real time
and no additional steps (such as centrifugation) or reagents
(such as ThT) are needed. Freshly solubilized biotinylated
Ap1—-40 was immobilized to streptavidin (SA) sensor chips
in separate flow cells (designated nonaggregatgt-A40).
Biotinylated and nonbiotinylated #1—40 (1:10) were
mixed, allowed to aggregate, and immobilized in a separate
flow cell (designated aggregategA—40). The amounts of
immobilized aggregated #1—40 (76 RU) and nonaggre-
gated A31—40 (85 RU) were similar. Different concentra-
tions of CLAC (1.56-25 nM) were injected (Figure 1). The
first part of these curves represents running buffer flowing
past the sensor surface, the ascending part of the curve
corresponds to the binding of CLAC to immobilizeds A
and the descending part corresponds to the dissociation of
CLAC after termination of the injection (only running buffer
flows past the sensor surface). CLAC bound to aggregated
Af, while no interaction was observed with nonaggregated
species (Figure 1). A ThT-based assay was used to verify
the aggregation state of the samples (inset of Figure 1). For
the kinetic analysis of binding of CLAC to aggregated,A

the anti-mouse secondary antibody conjugated to horseradistdifferent amounts of aggregateqsAvere immobilized (76,

peroxidase (Amersham Biosciences, 1:6000 dilution). The
wells were rinsed with PBS-T, and 100 of peroxidase
substrate solution (ImmunoPure TMB substrate kit, Pierce,
Rockford, IL) was added. The reaction was stopped with
100uL of 2 M H,SO,, and absorbance was measured at 450
nm in a microplate reader (FLUOstar Galaxy, BMG La-
btechnologies GmbH, Offenburg, Germany).

Thioflawin T Binding AssayTo measure the amount of
aggregated peptide bound to the mictrotiter plate wells, we
used a ThT binding assay. One-hundred ninety microliters
of ThT [5 uM in 50 mM glycine-NaOH buffer (pH 8.5)]

332, and 795 RU) and CLAC (1.5&5 nM) was injected.
The sensorgrams were analyzed using global fitting to the
Langmuir 1:1 binding model (A+ B < AB). The model
was chosen on the basis of the residual plots, the values of
%%, and visual inspection of the fitted curves. The rate
constants and the affinity were calculatdd:= (6.5+ 0.4)
x 10°M1st ky= (3.74 0.8) x 10*s%, andKyq = 0.6
+ 0.1 nM (> = 10.3+ 6.1).

To compare the affinity of CLAC for A with the affinity
of other proteins for £, we studied the well-characterized
plaque-associated proteins laminin and apoE. Laminin (50

was added to each well, and the fluorescence was measuredM) or apoE (360 nM) was injected over a SA chip with

(excitation at 440 nm and emission at 490 nm) in a
microplate reader (FLUOstar Galaxy).

immobilized A3 (Figure 2). The affinity was found to be
2.6+ 0.6 nM for laminin and 6.@+ 2.7 nM for apoE. Thus,
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Ficure 2: Binding of laminin, apoE, and BSA to aggregateilA-
40. Aggregated B1—40 (biotinylated A81—40:A31—-40 ratio of
1:10, 795 RU) was immobilized onto a streptavidin (SA) sensor
chip. Laminin (50 nM), apoE (360 nM), or BSA (3:M) in HBS-
EP buffer was injected at 2% at a flow rate of 1Q«L/min. Binding
curves from control surfaces (no peptide immobilized) were

subtracted. The bars indicate the association phase and the

dissociation phase.
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Ficure 3: Schematic picture of AL—42 and shorter A sequences
used in SPR spectroscopy and the solid-phase binding immuno-
assay. The primary sequence @##&-42 is given in one-letter code.

The negatively charged residues are underlined, and residues in (D) Al32-9'40
40

bold are substituted in some of the fragments used.

CLAC appears to have a relatively high affinity for ag-
gregated 8. The negative control BSA did not bind tgsA
(Figure 2).

The Central Region of Als Necessary and Sufficient for
CLAC Binding.We investigated by SPR spectroscopy and
with a solid-phase binding immunoassay whether a specific
CLAC binding region exists in A. Aggregates formed from
ApB1—42 or shorter & sequences were immobilized on CM5
sensor chips (Figure 3). CLAC showed strong binding to
ApBL1-42, AB1-40, and A81—28, intermediate binding to
Ap12—28, and considerably weaker binding to the C-
terminal fragment £29—-40 (even when the amount of
immobilized peptide was more than 4000 RU) (Figure-43A
and Table 1). To investigate whether electrostatic interactions
were involved in the binding of CLAC to A, we varied the
concentration of sodium chloride in the washing buffer. An
increased concentration had the same effect $a-A28,
Ap12—28, AB1-40, and A81—42, abolishing the interaction
at a concentration of0.5 M (data not shown). We conclude
that the C-terminal part of Ais dispensable, and that the
binding is partly dependent on ionic interactions.

We further evaluated the avidity of CLAC for the peptides
by a different assay. TheApeptides, £1—-42, A31—-40,
Ap1-28, AB1-16, AB12—28, A310—20, and A329—40,
were allowed to aggregate, coated onto microtiter plate wells,
and incubated with conditioned media containing CLAC.
Under these conditions, CLAC bound t@&-40 and A31—

28 to a similar extent (100 and 85%, respectively) as to
ApB1—-42 (set to 100%) (Figure 5A). CLAC bound tgpAO—
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Ficure 4: Interaction of CLAC with various aggregatedSA
fragments. Aggregated Aspecies (A) £1—-40 (1080 RU), (B)
ApB1—-28 (549 RU), (C) A12—28 (730 RU), and (D) £29—-40
(4170 RU) were immobilized onto a CM5 chip using standard
amine coupling chemistry. CLAC in HBS-EP was injected at
different concentrations (1.585 nM) at 25°C at a flow rate of

40 uL/min. Binding curves from control surfaces (no peptide
immobilized) were subtracted. The bars indicate the association
phase and the dissociation phase.

20 and A312-28 with intermediate avidity (44 and 20%,
respectively), while the avidity for AL—16 and A629—-40
was weak (Figure 5A). The amount of immobilized peptide
aggregates was measured by ThT fluorescence (Figure 5B).
Ap1-42 exhibited the highest fluorescence intensity, and
this value was set to 100%.3A—40 exhibited an intensity

of 40%, A31—28 30%, A329—40 20%, and £10—20 as
well as A312—28 10%. The £1—16 fluorescence was close
to background levels, indicating that no aggregates had
formed (we do not exclude the possibility that aggregates
formed by this negatively charged fragment could bind
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Ficure 5: CLAC binds to aggregated, charge@ 8pecies. CLAC-Ap solid-phase binding immunoassay. (A) Conditioned medium from
HEK?293 cells stably expressing CLAC was incubated with differeffrdgments immobilized in microtiter wells (0.1 nmol/well). Percentages
of AB1-42 binding are shown. The bars represent the medhe standard deviatiom(= 3). (B) ThT fluorescence of immobilizedA
fragments. Aggregated/Afragments immobilized in microtiter wells (0.1 nmol/well) were incubated with ThTiNg, and fluorescence
was recorded. The fluorescence from th&lA42 sample was set to 100%. The bars represent the mehe standard deviatiom(= 3).

(C) AB10—20 and its mutant analogue$20—20°!1, AF10—20°1314 and A310—20*1%20were allowed to aggregate and were immobilized
in microtiter wells (1.0 nmol/well). Conditioned medium from HEK293 cells stably expressing CLAC was incubated with diff@rent A
fragments immobilized in microtiter wells (0.1 nmol/well). Presented are percentagglefd® binding. The bars represent the mean

the standard deviatiom(= 3). (D) ThT fluorescence of immobilized#0—20 and its mutant analoguesgAragments immobilized in
microtiter wells (1.0 nmol/well) were incubated with ThT M), and fluorescence was recorded. Presented are percentages of the fluorescence
from the 0.1 nmol 81—42 well. The bars represent the mearthe standard deviatiom(= 3).

CLAC). If the amount of immobilized aggregated peptide ©¥*¢*
is taken into account, AL12—28 and A310—20 could be

Pre-formed fibril  Buffer Soluhle Au

considered strong CLAC binders. Hence, both aggregated e —* — >
AB12—28 and A310—20 contain sufficient information for Fietemen: SSumpton R
CLAC binding. Cycle 2

The shortest fragment required for efficient CLAC binding BAC Soluble AP -
was the A810—20 peptide. To investigate the importance % ® % V2 S
of charged residues, we studied two mutanf18—20 i _ Regeneration
peptides (Figure 3). In one of these, the His residues at FRIRSERES A S
positions 13 and 14 were exchanged for Alag(8— Cycle 3
20041314 resulting in a less positively charged peptide, and Bulffer %;%AB
in the other, the Glu residue in position 11 was exchanged — 5 X
for Ala (AB10—20"Y), resulting in a less negatively charged Fretraptment  longation

peptide. In a third peptide, the Phe residues at positions 19FIGURE 6: Procedure for & fibril elongation. Aggregated Al—
and 20 were substituted with Ala g10—20*19.29) (Figure 40 was immobilized on the sensor chip (CM3) using standard amine

. ) . - coupling chemistry. In the odd-numbered cycles, buffer was injected
3). We chose Phe-19 and Phe-20 since they are critical forover the surface followed by injection of solubl@R-40 (15uM)

Ap fibril formation (29-31). Neither CLAC binding nor ThT  (elongation step), whereafter the chip was washed with 100 mM
response was affected by the His to Ala substitutions (Figure citrate to remove unspecifically bound3Aln the even-numbered
5C,D). AB10—20*11 exhibited only half of the CLAC binding cycles, CLAC was injected over fibrils followed by injection of
as compared to wild type, while the amount of fibrils was Seluble A81-40 (15uM) (elongation step), whereafter the chip

. - ' was washed with 100 mM citrate to remove unspecifically bound
intact as indicated by the ThT response. In the case of theAﬂ_

AB10—-2071920 mutant, both CLAC binding and ThT

fluorescence were abolished. HPLC analysis showed thatAg fibril elongation @2, 33), and we refined this approach

similar amounts of the mutants were immobilized in the wells (Figure 6 and Table 2). First, we immobilizegAibrils and

(data not shown), indicating that the lack gf20—20\19.20 measured the fibril elongation rate by injecting a solution
aggregates (as determined by ThT) accounts for the loss ofof freshly dissolved & (1.89-30uM). The rate of elonga-
CLAC binding. tion was concentration-dependent (Figure 7A), and the
CLAC Reduces the Rate of Elongation ¢f Ribrils. To elongation rate was reproducible for several cycles of
investigate the effect of binding of CLAC to/Afibrils, we elongation and washing. Next, we examined the effect of

developed a procedure for studying} Aibril elongation in CLAC on Ag fibril elongation (Figure 7B,C) according to
the presence of CLAC. Previous reports have demonstratedhe protocol in Table 2 and Figure 6. The rate of fibril
that SPR spectroscopy is a useful method for analysis ofelongation in the presence and absence of CLAC was
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Ficure 7: Characterization of Afibril elongation. (A) Different concentrations of freshly dissolvef1A-40 were injected over immobilized
aggregated A1—40 (2120 RU) at a flow rate of 30L/min for 1 min. (B) A typical sensorgram showing the elongation @fA-40 fibrils

in the presence or absence of CLAC. Aggregat@gd-A40 was immobilized on a CM3 chip (1580 RU). CLAC (50 or 100 nM) or PBS was
injected, and the elongation rate was calculated according to formula 1. (C) A power curve was fitted fd-t0Aibril elongation rates

obtained in the absence of CLAC (odd-numbered cycles). The elongation rates in the presence of CLAC are plotted as squares (50 nM
CLAC) and triangles (100 nM CLAC). (D) The ratio of the fibril elongation rate in the presence of CLAC and the corresponding value in
the absence of CLAC, as obtained from the power curve, were calculated. The statistical analysis was by a two-tailed Dunnett multicomparison

test. Significance vs the elongation rate in the absence of CLAC was reported at the 95% lev@l05). The result represent the mean
=+ the standard deviation from two different flow cells.

Table 3: A8 Elongation Rates the aggregztio;nstatehofﬁé\arde importantS for CLAG-ApS
, ; , interaction 24, 27). In this study, we use SPR spectroscopy
[C(rl]a)c] ng'.e ;ggﬂge; 'glfgec p%k)szar::%;ré?:c r("’(}/to'? and a solid-phase binding immunoassay to show that (i)
0 2 23 33 26 CLAC blnqs to aggregated Awith high afﬂmty, (||) Fhe
8 29 29 78 central region of & (AS10—20 or A312—28) is sufficient
12 2.3 1.7 76 and necessary for CLAC binding, (iii) the binding is partly
100 2 6.5 3.7 57 mediated by negatively charged residues ifi, &nd (iv)
18 gg ig % CLAC attenuates the rate of/Afibril elongation.

CLAC Binds toAS Aggregates.Previous studies on
calculated according to formula 1 (see Experimental Proce- CLAC—Ap interactions have only provided a single point
dures). A curve was fitted to the observed elongation rates measurement of binding affinity, with no information about
in the absence of CLAC according to the relatiprs bx, the kinetics of binding. In this study, we use SPR spectros-
whereb = 9.85 andc = —0.894 (2 = 0.988). The rate of  copy to further investigate the interaction betwegh and
Ap fibril elongation was higher in the absence of CLAC CLAC. We find that CLAC binds to aggregatedBAn a
(Figure 7C). The rates obtained in the presence of CLAC concentration-dependent manner (Figure 1), with an apparent
were divided by the rates in the absence of CLAC as obtainedKq of ~0.6 nM. This affinity is~10 times higher than apoE’s
from the power curve (Table 3). Treatment with 50 and 100 affinity for A as determined by SPR spectroscopy 16
nM CLAC reduced the rate of fibril elongation to 78 and nM, Figure 2 and reB4).
69%, respectively (Figure 7D). Hence, CLAC binds t6 A Is There a Specific CLAC Binding Sequence ji?AVe
fibrils and attenuates their elongation. have identified a sequence (LIKRRLIK) in the non-collagen
domain 2 of CLAC that is crucial for binding to/A(27),
DISCUSSION and other positively charged CLAC sequences could be
The interaction between®and plaque-associated proteins important for A3 binding @24). Since the binding involves
such as apoE, glucosamine proteoglycans, @héntichy- ionic interactions, it is reasonable to speculate that the
motrypsin appears to be important for the pathogenesis ofpositively charged CLAC motif binds to the negatively
AD. It is also possible that the newly discovered plaque- charged N-terminal part of & and a recent report suggested
associated protein CLAC has a role in AD. Recent in vitro the CLAC binding domain of A&is located in A61—16 (24).
studies indicate that positively charged motifs in CLAC and We show that CLAC binds to aggregates formed from
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peptides containing residues-120 of A3 (e.g., A312—28 4.
or A510—-20), but not to aggregated A29—40. Since
ApB29—40 (in contrast to the CLAC binding peptides) does
not contain any charged residues, it appears that, in addition 6.
to the quaternary structure of 5A charged residues are
important for CLAC binding. Now, since the N-terminal and
C-terminal parts of & (residues 2940 and 1-9, respec-
tively) seem to be optional for CLAC binding, we focus on
residues 1628. This sequence contains the following
residues (one-letter code and negative residues underlined): g
YEVHHQKLVFFAEDVGSNK. Note that this sequence
harbors three negatively charged residues, but none of these
are shared betweenfA0—-20 and A312—28. The positively
charged histidines can be replaced with alanines without any ¢
significant effect on CLAC binding, suggesting that the
sequence specificity is low. On the other hand, replacing Glu
with Ala results in a peptide with reduced avidity for CLAC.
The A3 sequence of residues 480 is the core A fibril
forming motif (29—31), and substitution of Phe-19 with
proline impairs fibril growth 85). In our study, substitution

of residues Phe-19 and Phe-20 in0—20 inhibited
aggregation and abolished CLAC binding, again showing
that A3 fibril formation is imperative for this interaction
(Figure 5C,D). We speculate that CLAC is a promiscuous
binder of aggregates formed from peptides containing
negatively charged residues.

A Role for CLAC in £ Fibril Deposition. We show by a
further developed SPR spectroscopy procedure that treatment
of Ap fibrils with CLAC decreases the rate ofpAfibril
elongation by 26-30%. Previous results of Osada et a1)(
using the fibril labeling dye ThT suggest that CLAC inhibits
fibril elongation by 75%. The discrepancy may be explained

by differences in CLAC concentrations (Osada used higher 15.

concentrations), or masking effects in the ThT binding assay
(25). A model explaining the inhibition of fibril elongation
could be one in which CLAC binds to the ends of the
emerging fibrils, thereby decreasing the rate of elongation.
This model does not exclude the possibility that CLAC binds
to other parts of the fibril. It is possible that CLAC could
reduce fibril growth also in vivo. Interestingly, recent data
suggest that the addition offAmonomers to the fibril ends

is crucial for A3-mediated toxicity 86). Thus, CLAC may
suppress this interaction and have a protective role in AD.
An additional effect of CLAC is that it assembleg Aibrils

into larger aggregate&%), and this might occur also in vivo.
Studies in transgenic mice with altered CLAC expression
will improve our understanding of CLAC’s role in Alz-
heimer's disease.
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